This paper presents the evaluation of the stress and strain response of the copper ball bond during wire bond shear test using finite element analysis. A 3D non-linear finite element model was developed for the simulation. The effects of the shear ram speed on the stress and strain response of the copper ball bond were investigated. A preliminary investigation confirms that shear ram speed has a significant effect on the von mises stress and equivalent strain response of the copper ball bond during wire bond shear test
INTRODUCTION
Wire bonding is a technique used to provide electrical interconnection in a packaged semiconductor device [1] . It is a critical process step during packaging assembly as it involves in the creation of interconnection between the die and the lead frame. Usually, gold (Au) wire is used during wire bonding process. However, due to the global price increase of gold in recent times, copper (Cu) are considered as a substitute material for cost reduction [2] . Reliability has always been an issue when it comes to the operating life-time for a wire bonded device. The concept of "design for reliability" has always been in the implemented since the introduction of wire bonding technology [3] . There are various dynamic tests to evaluate the strength of a wire bond. Wire bond pull test and ball shear are among the reliability tests available to assess the strength of the bonded wire bond [4] . At present, the most accepted method of evaluating the reliability of a ball bond is the ball shear test due to its simplicity and convenience to perform. In 1991, the standard for wire bond shear test was set [5] and in the year 2009, JEDEC revised and established a new standard, JESD22-B116A, for wire bond shear tests [6] .
However, one of the important testing parameter, the shear ram speed was not addressed in this standard. Hence, the ambiguity in the specification of the shear ram speed may cause perplexity in characterizing the strength of the wire bond. Therefore, the effects of the shear ram speed during wire bond shear test needs to be addressed.Therefore in this study, the stress and strain response of copper ball bond at the moment of impact of the shear tool during wire bond shear test was evaluated using finite element analysis.
ANALYSIS PROCEDURES
Simulation is an alternative method to help understand the stress and strain response apart from the capability to examine the relative effects along a ball bond during a ball shear test.
Modeling is performed using the ANSYS modeler. To create a simulation as close to an actual material behavior, a 3 dimensional finite element copper wire bond model was developed. The diameter, ball height and ball diameter of the copper wire bond are 20.32µm (0.8 mils), 21.77µm and 77.51µm respectively. The aluminium bond pad which is attached to the bottom of the copper ball bond has a thickness of 5.81µm and the square length of 116.11µm. The initial surface contact between the aluminium bond pad and copper wire bond were defined with an opening of 63.86 µm in diameter.Components of the finite element model comprise in detail to that of a real package containing a wire bond, bond pad and on top of a silicon die. Modeling size is equivalent to that of an actual model to increase the simulation's degree of accuracy.
The 3-D non linear finite element model which includes the copper wire bond, bond pad, die and lead frame were modeled by 20-node structural solid elements (SOLID186). The material properties for the copper wire bond, bond pad and die are shown in Table1. The material properties of the shear ram is set to an extent with its Young's modulus substantial large when compared to other materials in this modeling making the shear tool behaves as a rigid body. ANSYS release 11.0 introduce a contact wizard feature to create surface-to-surface target element (TRAGE170) and contact element (CONTA174) pair to simulate the contact between the shear tool and the ball bond The simulation was addressed in a room condition as to mimic the actual situation.To imitate elastic-plastic material properties of copper from actual modeling, Bilinear Isotropic (BISO) hardening model which uses the von Mises yield criteria coupled with an isotropic work hardening assumption was adopted to constitute the visco-plasticity behavior. To simulate complex material behaviors, the stated option is chosen [7] . Von Mises stress in ANSYS is defined as:
=
(1) while the equivalent plastic strain is derived from the summation of appropriate strain values:
The loading location was then determined on the model. Since the shear tool is the only component initially moving, the speed of the shear ram was adjusted accordingly. Its range was set to approximately 100µm/s for low speed shear analysis to 1mm/s for high speed shear analysis. The height of the shear ram is set at 40% of the ball bond height. Table 3 .The copper wire yields almost equivalent distribution of von Mises stress along the ball bond during moment of impact of the shear ram. Figure 3 shows the von Mises stress contour plot. From Figure 3 , it is clearly indicated that the speed of shear ram has an significant on the von Mises stress response At higher speed, the stress concentration is significantly higher at the region close to impact but its due to the material property of copper which is harder than gold. Larger stress is required to cause fracture on harder materials. Overall, The induced stress is higher at the region of impact and decreases gradually when it reaches the other side. From figure 2 and figure 3 , it is understandable that shear ram speed plays an important role in the stress and strain response of the copper ball bond. Higher shear ram speed leads to higher stress and deformation of a ball bond provided the shear height is fixed at a certain level. Low speed shear tests which are typically conducted between 100 to 800µm/s are suitable for setting the ball shear criterion for industries. High speed shear tests are useful for impact fracture strength assessment as higher speed will result in higher incidence of interfacial fracture. A typical ball shear strength value will increase with the increase of the shear speed thus, a ball shear acceptance standards can only be determined after the shearing test [6] . The simulation results is shown in Table 4 . 
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CONCLUSION
The effect of shear ram speed on stress response during wire bond shear test were investigated. A preliminary investigation confirms that increasing the shear speed will inherently increase the von mises stress and equivalent strain response.This implies that shearing speed has a great effect on the ball shear tests. The shear height in this study is kept constant at 40% of the bond ball height to observe the response of the ball bond when sheared using two different shear ram speed.
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